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A malfunction monitoring apparatus for a 
secondary air supply system of an intemal com- 
bustion engine includes an air flow sensor (2) 
for measuring the flow rate of an air flowing Into 
an intake air path of the engine, a secondary air 
introducing path (32) disposed in the intake air 
path on the downstream side of a measuring 
position of the air flow rate for taking in a part of 
the air through the intake air path as a secon- 
dary air, a. secondary air supply device (8) for 
supplying the secondary air to an exhaust gas 
path, and a control unit (3). The apparatus may 
further includes a pressure sensor (14) for de- 
tecting the intemal pressure of an intake mani- 
fold. The control unit determines a secondary 
air flow rate (Qs) from a difference between a 
first air flow rate (Qa) measured by the air flow 
sensor when the secondary air is not being 
supplied from the secondary air introducing 
path to the exhaust gas path and a second air 
flow rate (Qb) measured by the air flow sensor 
when the secondary air . is . being'sup^ied, or a 
difference between an intake air flow rate (Qpm) 
of the engine determined on the basis of the 
intemal pressure of the Intake manifold detec- 
ted by the pressure sensor and an air flow rate 
(Qhw) measured by the air flow sensor when the 
secondary air is t>eing supplied. In the case 
where the determined secondary air flow rate is 
out of a predetemnined allowable range, the 
secondary air supply device is judged as being 
abnormal. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a malfunction 
monitoring system for a secondary air supply system 
of an internal combustion engine, and more particu- 
larly to a malfunction monitoring system for a second- 
ary air supply system in which a secondary air is sup- 
plied or delivered from an Intake system to an exhaust 
system, for example, in the case where the rise of the 
temperature of a catalyst or catalytic converter in a 
low temperature state is to be promoted in the internal 
combustion engine or in the case where an unburned 
gas in the exhaust system is to be burned again in the 
exhaust system. 

In a technique of purifying hydrocarbon HC, car- 
bon monoxide CO and nitrogen oxide NOx in an ex- 
haust gas by use of a three-way catalyst provided in 
an exhaust system of an internal combustion engine, 
it Is general that an oxygen concentration sensor is 
disposed In the exhaust system on the upstream side 
of the three-way catalyst and a control of feeding back 
a signal representing the concentration of oxygen in 
the exhaust gas to an internal combustion engine 
control unit is performed In order to control an air-fuel 
ratio into a target value which is in the vicinity of a sto- 
ichiometric air-fuel ratio providing the most efficient 
purifying ability of the three-way catalyst The purify- 
ing ability of the three-way catalyst is deteriorated In 
the case where the Internal temperature of the cata- 
lyst is low. Therefore, a secondary air supply system 
is known in which a part of an air flowing through an 
Intake system is supplied as a secondary air to an ex- 
haust system to oxidize HC and CO in an exhaust gas 
so that the temperature of a three-way catalyst is 
raised by the generated heat of reaction of oxidation. 

The term "secondary air" used in the present 
specification and claims is a technical term frequent- 
ly used in the relevant field of art. In contrast with a 
"primary air" or an intake air which passes through a 
throttle valve and then flows into a cylinder of an en- 
gine, the term "secondary air" means an air supplied 
directly to an exhaust system without passing through 
a combustion chamber of the engine. 

"On-Board Diagnostic Phase 11" which is regula- 
tions proposed by the Air Resources Board of the 
State of California. USA imposes an obligation to in- 
stall a malfunction monitoring apparatus for a sec- 
ondary air supply system on a vehicle. The flow rate 
of a secondary air supplied to the exhaust system of 
. an engine provided with an exhaust emission contror 
system and the amounts of components such as ni- 
trogen oxide, hydrocarbon and cart>on monoxide in 
an exhaust gas substantially have a corresponding 
relationship therebetween. Namely, as the flow rate 
of the secondary air Is higher, the amount of nitrogen 
oxide or carbon monoxide exhibits a tendency to de- 
crease. Accordingly, when the flow rate of the sec- 
ondary air is reduced, the amount of harmful exhaust 



gas component increases. The relationship between 
the secondary air flow rate and the amount of a com- 
ponent such as nitrogen oxkJe or carbon monoxide in 
an exhaust gas can be determined by measurement 

5 The "On-Board Diagnostic Phase II" requires a mal- 
function monitoring apparatus to judge a secondary 
air supply system as being faulty in the case where 
the measured secondary airflow rate of the second- 
ary air supply system decreases down to a secondary 

10 air flow rate value which corresponds to 1 .5 times as 
high as a regulated value for exhaust gas emission 
amount 

One example of a monitoring apparatus for a sec- 
ondary air supply system has been disclosed by JP- 
15 A'A-^44A which is the laid-open publication of a Jap- 
anese patent application filed by Toyota Motor Co.. 
Ltd. on April 18. 1990. The disclosed monitoring ap- 
paratus monitors the output of an oxygen concentra- 
tion sensor when a secondary air is supplied to an ex- 
20 haust pipe. The diagnosis is made in such a manner 
that the output of the oxygen sensor shows a lean 
condition (or a condition In which the amount of oxy- 
gen is small) If the secondary air supply system is nor- 
mal and a rich condition (or a condition in which the 
25 amount of oxygen is large) if the secondary air supply 
system is abnonmal. In this monitoring apparatus, the 
judgement as to whether the secondary air flow rate 
is high or low is only made indirectly on the basis of 
the output of the oxygen sensor with the actual sec- 
30 ondary air flow rate being not directly measured. In 
this monitoring apparatus, there may be the case 
where the oxygen sensor output does not necessarily 
Indicate a true malfunction. 

The monitoring or diagnosis of a malfunction of 
35 the secondary air supply system with no direct meas- 
urement of the secondary air flow rate involves the 
following problems. In the case where another oper- 
ating parameter of the engine indirectly representing 
the secondary air flow rate is to be measured as a 
40 substitution for the secondary air flow rate, it is nec- 
essary to calibrate a relationship between a true sec- 
ondary air flow rate and the value of that operating 
parameter to be measured. When taking the aged de- 
terioration of the engine, it may be necessary to per- 
45 iodically make such a calibration during a useful life 
of the engine. Also, in the case where a phased 
change in regulated exhaust gas emission amount 
from TLEV (Translttonal Low Emission Vehicle) to 
LEV (Low Emission Vehicle) Is made as in the State 
~ 50 of Calllbrnia, the change of a threshold level for a— 
judgement parameter of a malfunction judging device 
is required for each phased change and the change 
of a sensor for measuring the judgement parameter 
and/or the change of engine specification may be re- 
55 quired according to circumstances. Such changes will 
bring about the rise of an engine development cost / 

A secondary air supply system provided with a 
dedicated air flow sensor for directly measuring the 
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flow rate of a secondary air has been disclosed by JP- 
A-61 -58935 which is the laid-open publication of a 
Japanese patent application filed by Matsuda Co., 
Ltd. on August 30, 1984. In the disclosed system, the 
provision of the dedicated secondary air flow sensor 
in an engine requires that an input gate for the output 
"gft he senso r and an A/D converter f o r th e sensor oot=^ 



According to the present inventbn, the measurement 
of a secondary air flow rate can also be made by the 
existing intake air amount measuring device and the 
existing intake pipe pressure sensor whbh are al- 
5 ready provided in the engine. 

A malfunction monitoring apparatus for a second- 

ary-air^tipply-system-aeeerdifl g to on e e mbodiment — 

of the present invention comprises an airflow rate de- 
tecting device for measuring the flow rate of an air 
10 flowing into an intake air path of an internal combus- 
tion engine, a secondary air introducing path dis- 
posed in the intake air path on the downstream side 
of a measuring position of the air flow rate for taking 
in a part of the air through the intake air path as a sec- 
15 ondary air, a secondary air supply device for supply- 
ing the secondary air to an exhaust gas path, and a 
control unit The airflow rate detecting device meas- 
ures a first air flow rate when the secondary air is not 
being supplied from the secondary air introducing 
20 path into the exhaust gas path and a second air flow 
rate when the secondary air is being supplied from 
the secondary air Introducing path Into the exhaust 
gas path. The control unit detenmlnes a secondary air 
flow rate from a difference between the first and sec- 
25 ond air flow rates. In the case where the detemrtined 
secondary air flow rate is out of a predetermined al- 
lowable range, the secondary air supply device is 
judged as being abnormal. 

A malfunction monitoring apparatus for second- 
30 ary air supply system according to another embodi- 
ment of the present invention comprises an air flow 
rate detecting device for measuring the flow rate of an 
air flowing into an intake air path of an internal conv 
bustion engine, a secondary air introducing path dis- 
35 posed In the intake air path on the downstream side 
of a measuring point of the air flow rate for taking in 
a part of the air through the intake air path as a sec- 
ondary air, a secondary air supply device for supply- 
ing the secondary air to an exhaust gas path, a pres- 
40 sure detecting device for detecting the internal pres- 
sure of an intake manifold, and a control unit The 
control unit determines an intake airflow rate of an in- 
ternal combustion engine on the basis of the detects 
internal pressure value of the intake manifold, and de- 
-45 termines a secondary air flow rate from a difference 
between an airflow rate measured by the air flow rate 
measuring device when the secondary air is being 
supplied from the secondary air introducing path into 
the exhaust gas path and the de termin ed intake air 
so flow rate. In the case where the deterrhined second- 
ary air flow rate is out of a predetemiined alk>wable 
range, the secondary air supply device is judged as 
being abnormal. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

. , Fig. 1 A is a block diagram of an internal combus- 
tion engine provided with a monitoring apparatus 



put should additionally be provided in an engine con- 
trol unit Also, in the case where the dedicated airflow 
sensor is attached in a secondary air path which is 
proximate to the engine body, a device for countering 
noises will be needed. The above brings about a prob- 
lem that an engine manufacturing cost is increased 
and a problem that the engine control unit becomes 
large in size and complicated. 

An engine deterioration Judging apparatus pro- 
vided with a secondary air supply system has been 
disclosed by JP-A-3-286165 which is the laid-open 
publicatton of a Japanese patent applicatk^n filed by 
Matsuda Co., ttd. on March 30, 1990. In the disclosed 
apparatus, the negative pressure or vacuum of an in- 
take pipe and the flow rate of an intake air are meas- 
ured and the inferiority of seal of an intake system of 
an engine is detected on the basis of a judgement lev- 
el and a relationship between the measured values of 
the intake manifold vacuum and the intake air flow 
rate while the judgement level is changed in accor- 
dance with a control signal of the secondary air sup- 
ply system; This publication has no disclosure of the 
measurement of the flow rate of a secondary air and 
the judgement as to the malfunction of the secondary 
air supply system. 

SUMMARY OF THE INVENTION 

According to the present invention, a low-cost, 
small-size and accurate malfunction monitoring ap- 
paratus for a secondary air supply system is provided 
without newly adding a sensor or the like to the exist- 
ing engine control system. According to the present 
invention, the value of an actual secondary air flow 
rate is directly measured. Therefore, it is possible to 
easily cope with the change of a regulated value for 
exhaust gas emission amount Also, the calibration of 
a relationship between the substitutional parameter 
and the secondary air flow rate becomes unneces- 
sary. 

In the present time, the most of engines have a 
fuel flow rate control system based on electronic con- 
trol and any engine provided with such a system is 
provided with an intake air amount measuring device. 
According to the present invention, the measurement 
of a secondary air flow rate is possible by an intake 
air amount measuring device of an internal combus- 
tion engine. Also, in many engines, an intake pipe 
pressure sensor for measuring the internal pressure 
of an intake pipe is provided as a part of the fuel flow 
rate contrdi system or an emission contra! system. 
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for a secondary air supply system according to an 
embodinnent of the present Inventbn; 
Fig. 1B Is a block diagram of an internal combus- 
tion engine provided with a monitoring apparatus 
for a secondary air supply system according to 5 
another embodiment of the present invention; 
Fig. 2 is a flow chart of the operation of malfunc- 
tion diagnosis in the system shown in Fig. lAor 
1B; 

Fig. 3 is a block diagram of an internal combus- io 
tion engine provided with a monitoring apparatus 
for a secondary air supply system according to a 
further embodiment of the present invention; 
Fig. 4 is a block diagram of an internal combus- 
tion engine provided with a monitoring apparatus is 
for a secondary air supply system according to a 
still further embodiment of the present invention; 
Fig. 5 Is a flow chart of the operation of malfunc- 
tion diagnosis In the system shown In Fig. 4; 
Fig. 6 is a block.diagram of an internal combus- 20 
tlon engine provided with a monitoring apparatus 
for a secondary air supply system according to a 
furthermore embodiment of the present inven- 
tion; 

Fig. 7 is a flow chart of the operation of malf unc- 25 
tion diagnosis in the system shown in Fig. 6; and 
Fig. 8 is a flow chart for making the more detailed 
explanation of the operation of a diagnosis proc^ 
ess step. 

30 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will now 
be explained in reference to the accompanying draw- 3S 
ings. In the drawings used for explaining the embodi- 
ments, a component having the same function is des- 
ignated by the same reference numeral. Therefore, 
the repeated explanation of such a component will be 
omitted. 

Fig. 1A is a basic block diagram schematically 
showing the whole of a monitoring apparatus for a 
secondary air supply system of an internal combus- 
tion engine according to a first embodiment of the 
present invention. In the system of the present em- .45 
bodiment an exhaust system from an air cleaner 1 to 
an internal combustion engine 50 is provided with a 
throttle valve 20 for adjusting the amount of an air to 
be taken in the engine 50 and a throttle sensor 12 for 
detecting the opening angle of the throttle valve. An so 
air flow sensor 2 for detecting the flow rate of an in- 
take air filtered by the air cleaner 1 and a temperature 
sensor 15 for detecting the temperature of the intake 
air are provided on the upstream side of the throttle 
sensor 12. 55 

An engine control unit 3 calculates a proper fuel 
injection amount on the basis of measurement para- 
meters including the measurement value of the air 



flow sensor 2, the output signal of an engine speed 
sensor 16, and so forth. The control unit 30 outputs 
a fuel injection signal to an injector 4 in accordance 
with the result of calculation so that a suitable amount 
of fuel is injected from the injector 4. The thus ob- 
tained mixture of fuel and intake air passes through 
an intake manifold 5 and is then taken In a combus- 
tion chamber 51 of the internal combustion engine. 
After the compression, comtxjstion and expansion 
strokes of the engine 50, an exhaust gas is dis- 
charged to an exhaust manifold 52. In order to detect 
the concentration of oxygen in the exhaust gas, an 
oxygen concentration sensor 6 is disp)Osed in or im- 
mediately after the exhaust manifold 52. The correc- 
tion of a fuel injection amount is made in accordance 
with an output signal of the oxygen concentration 
sensor 6, so as to control the air/fuel ratio of the Intake 
mbcture at a desired value. Further, a catalytic conver- 
ter 7 for purifying the exhaust gas is disposed on the 
downstream side of the oxygen concentration sensor 
6. 

A secondary air is supplied to an exhaust system 
in order to oxidize unburned gas components (HC 
and GO) in the exhaust gas. The secondary air is tak- 
en in from an inlet 31 provided between the air clean- 
er 1 and the air flow sensor 2. The secondary air is 
thereafter compressed by an air pump 8. The com- 
pressed secondary air is passed through a secondary 
air control valve 9 and a check valve or contraflow 
preventing valve 10 and is then blown into the ex- 
haust manifold 52 on the upstream skJe of the oxygen 
concentration sensor 6. Also, an inlet 32 for second- 
ary air is provided on the downstream side of the air 
flow sensor 2. Further, switch valves 11a and 11b are 
respectively disposed between the iniet31 and the air 
pump 8 and between the inlet 32 and the air pump 8. 
With the switching operation of the switch valves 11a 
and 11b, the inlet 31 on the upstream side of the air 
flow sensor 2 or the inlet 32 on the downstream side 
thereof can properly be selected as a secondary air 
inlet A malfunction diagnosis unit 1 3 receives an out- 
put signal from the control unit 3 to make the diagno- 
sis of a malfunction of the secondary air supply sys- 
tem. 

That inlet 31 of the two secondary air inlets 31 
and 32 provided in the intake pipe, which is positioned 
on the upstream side of the airflow sensor 2. is used 
in the case where the malfunction diagnosis is not 
made but the injection of an secondary air is made for 
the purpose dr isirig the temperature of the catalytic 
converter 7. The two secondary air inlet 32 provided 
on the upstream side of the airflow sensor 2 Is used — 
in the case where the secondary air is temporarily tak- 
en in when the malfunction diagnosis is to be made. 

In another embodiment shown in Fig. 1B, a sec- 
ondary air inlet 31a opened to the atmosphere is pro- / 
vided in lieu of the secondary air inlet 31 of the up- 
stream side in the embodiment shown in Fig. 1A. 
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Since the operation of the embodiment shown In Fig. 
1 B is fundamentally the same as that of the embodi- 
ment shown in Fig. 1A, the explanation of the opera- 
tion will be represented by the explanation made in 
conjunction with the case of the system shown in Fig. 
1A. 

The air pump o is eiBCu icaiiy anv 
as a power supply (not shown). However, there may 
also be used an air pump which is mechanically driven 
from an output shaft of an engine through a drive belt 
The control unit 3 and the diagnosis unit 13 include a 
general microcomputer(s) including a CPU, a mem- 
ory and an I/O controller, wherein an engine control 
program and a malfunction diagnosis program are 
stored in the memory. The control unit 3 and the di- 
agnosis unit 13 can be realized by separate micro- 
computers or a single microcomputer. 

The secondary air injection position may be be- 
tween the oxygen concentration sensor 6 and an en- 
trance to the catalytic converter 7. 

The operation of the secondary air supply system 
of the embodiment shown in Fig. 1A (or Fig. 1B) will 
now be explained. The supply of a secondary air to 
the exhaust system for promoting the activation of the 
catalytic converter is generally carried out after cold 
start or in the case where the temperature of the cat- 
alytic converter 7 Is low. For example, in the case 
where the water temperature of the engine is below 
a predetermined value, a secondary air is injected to 
the upstream side of the catalytic converter 7 only 
during a predetermined period of time (e.g.. several 
minutes) after engine start Engine oil temperature, 
vehicle speed and so forth besides conditions inclu- 
sive of engine speed, water temperature and time 
nriay be used as parameters to determine the second- 
ary air supply instant of time. 

In principle, the supply of the secondary air is not 
carried out at the time of normal engine operation 
other than cold start and at the time of idling after 
warming up with the exception of a malfunction diag- 
nosis p«iod. But, in a system in which the activation 
of the catalytic converter 7 is necessary even except 
at the time of cold start, the secondary air may be in- 
jected in a specified ermine operating condition. 

A malfunction diagnosis operation is perfomned 
when a preset or f bced engine operating condition is 
assumed. The engine operating condition when such 
a malfunction diagnosis operation is performed is 
properly determined by a parameter such asjhe en- 
gine speed of the internal combustion engine, the 
negative pressure or vacuum of the engine or the run- 
ning speed of the vehicle, in a malfunction diagnosis' 
period, the air pump 8 is temporarily driven foir meas- 
urement of the flow rate of a secondary air so that the 
secondary air is supplied to the exhaust system 

At the time of normal engine operation having no 
need of a secondary air, the control unit 3 causes no 
drivir^ of the air pump 8 and doses the secondary air 
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control vake 9. At the same time, the control unit 3 
closes at least one of the switch valves 11a and lib 
to prevent an intake air from bypassing from the inlet 
31 to the inlet 32 through the switch valves 11a and 
lib. Thus, the airflow sensor 2 can measure an ac- 
curate intake air flow rate. 

gas is discharged from the internal combustion en- 
gine as at the time of start of the engine or the like, a 
secondary air is supplied into the exhaust manifold 52 
to cause the reaction of oxidatbn of the unburned gas 
by the catalytic converter 7. 

In the case where a secondary air is supplied but 
when the diagnosis of a malfunction is not made, the 
secondary air is taken in from the secondary air inlet 
31 on the upstream side of the air flow sensor 2 (or 
the inlet 31a). Namely, in a state in which the switch 
valve 11a is opened and the switch valve 11b is 
closed, the control unit 3 drives the air pump 8 and 
opens the secondary air control valve 9. At this time, 
dust or the like in the air used in the secondary air 
supply system forthe purpose of secondary air supply 
is removed by the air cleaner 1. Thereby, It is possible 
to prevent the promotion of deterioration of the cata- 
lytic converter 7, etc. and a malfunction which may be 
caused by the secondary air. By thus taking in the 
secondary air from the inlet 31 on the upstream side 
of the airflow sensor 2, the amount of an air passed 
through the air flow sensor 2 or measured by the air 
flow sensor 2 is all taken in the Internal combustion 
engine 50. 

On the other hand, when the malfunction diagno- 
sis is to be made, the control unit 3 drives the air pump 
8 with the switch valve 11a closed and the switch 
valve 11b opened so that a secondary air is taken In 
from the Inlet 32 on the downstream side of the air 
flow sensor 2. In this case, an output value Qb of the 
air flow sensor 2 is equal to the sum of an air amount 
Qa taken in the cylinder of the internal combustion en- 
gine 50 and an air amount Qs used for the supply of 
secondary air. The air amount Qs used forthe supply 
of secondary air is determined by subtracting the in- 
take air amount Qa taken in the engine from the out- 
put value Qb of the air flow sensor 2. See equation (1) 
which will be mentioned later on. 

Next a malfunction diagnosis process according 
to the malfunction monitoring apparatus for the sec- 
ondary air supply system of the internal combustion 
engine In the emtx)diment shown in Figs. lAand IB 
will be explained in reference to one exarnple of a con-" 
trol flow chart shown in Fig. 2. 

First or In step 201, whether or not an operating 

region is an operating regk>n to be subjected to the di- 
agnosis of a malfunction or secondary air is judged on 
the basfe of, for example, engine speed, load, water 
temperature or the like. The value of the load can l>e 

, determined by the output of the throttle sensor 12. In 
the case where the operating region to be subjected 
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to the diagnosis is assumed, the judgement is made 
as to whether or not the diagnosis Is completed (step 
202). When the diagnosis is not completed, the judge- 
ment is made as to whether or not an intake air 
amount Qa measured by the airflow sensor 2 (or an 
air amount supplied to the internal combustion engine 
50) in a state in which no secondary air is supplied has 
been determined (step 203). In the case where Qa 
has been detemnined, the flow proceeds to step 205. 
On the other hand, in the case where Qa has not been 
determined, Qa as the Intake air amount is deter- 
mined in a state in which no secondary air is taken in 
and the determined Qa is stored into the memory 
(step 204). In step 206, the air pump 8 is driven to sup- 
ply a secondary air from the inlet 32 on the down- 
stream side of the air flow sensor 2 to the exhaust 
manifold 52. In step 207, the judgement is made as 
to whether or not a change in operating condition is 
caused In a predetermined time. For example, a 
change in engine speed is checked. If there is a 
change in operating condition, the processing is can- 
celled without making the malfunction diagnosis. If 
there Is no change in operating condition, the flow 
goes to step 205. 

In step 205, the Judgement is made as to whether 
or not an intake air amount Qb measured by the air 
flow sensor 2 when the secondary air is supplied from 
the inlet 32 on the downstream side of the air flow 
sensor 2 has been determined. In the case where Qb 
has been determined, the flow goes to step 212. In 
the case where Qb has not been determined, the flow 
goes to step 208 and further to step 209. In step 208, 
the judgement is made as to whether or not the output 
of the air flow sensor (AFS) 2 is stable. In the case 
where the output of the air flow sensor 2 is stable, the 
flow goes to step 209 In which a secondary air is sup- 
plied with the switch valve 11b opened and the air 
pump 8 driven and the value Qb of an output of the 
air flow sensor 2 at that time is stored into the mem- 
ory. The output value Qa of the air flow sensor 2 in- 
dicates an air flow rate taken in the cylinder of the en- 
gine and the output value Qb thereof indicates the 
sum of an airflow rate taken in the cylinder of the en- 
gine and a secondary air flow rate. Accordingly, the 
secondary air flow rate Qs is determined by the fol- 
lowing equation (1): 

Qb = Qa + Qs 

that is, 

Qs = Qb - Qa. (1) _____ 



case where the output Qb of the air flow sensor 2 can 
be judged as indicating the sum of the air amount Qa 
taken in the internal combustion engine 50 and the air 
amount Qs used as the secondary air, the intake air 
5 amount Qb at that time is measured by the air flow 
senso? 2 (step 209). Qb is stored into the memory as 
the sum of the air amount Qa taken in the engine 50 
and the air amount Qs used as the secondary air. In 
step 210, the supply of the secondary air is stopped. 
10 When the supply of the secondary air is stopped, the 
air amount indicated by the air flow sensor 2 turns 
from the sum of the air amount Qa taken in the engine 
50 and the air amount Qs used as the secondary air 
to only the air amount Qa taken in the engine 50. 
IS Namely, since Qs = 0 in equation (1), there results in 
Qb = Qa. Next or in step 211 , the judgement is made 
as to whether or not there is a change in operating 
condition. The presence/absence of the change in op- 
erating condition is judged in accordance with wheth- 
20 er or not a change in engine speed or output of the 
throttle sensor 12 In a predetermined time is in a pre- 
determined tolerance. In the case where there Is a 
change In operating condition, the malfunction diag- 
nosis is finished. In the case where there is no change 
25 in operating condition, the flow goes to step 212. 

In step 212, the judgement Is made as to whether 
or not the output of the air flow sensor 2 is stable. This 
judgement can be made in a manner similar to that In 
step 208. In the case where the sensor output is not 
30 stable, the diagnosis process is finished. In the case 
where the sensor output is stable, the flow goes to 
step 213 in which an intake air flow rate Qc when no 
secondary air is introduced is measured by the air 
flow sensor 2 again. The air flow rate Qc measured 
35 in step 21 3 and the air flow rate Qa measured in step 
204 indicate the same value In substance if the meas- 
uring conditton is the same. In actual, however, since 
there is a time difference between at the time of 
measurement of Qa and at the time of measurement 
40 of Qc and the measurement of Qb in step 209 is made 
In that time difference, there may be the case where 
the values of Qa and Qc differ from each other. 
Therefore, the average of the two values Qa and Qc 
can be used to determine a more accurate secondary 
^45 air flow rate. 

In step 214, a secondary airflow rate Qs is cal- 
culated from the air f k)w rates Qa, Qb and Qc detect- 
ed by the airflow sensor 2 in accordance vinth the fol- 
lowing equation (2): 



As mentioned above, the judgement as to the sta- 
bility of the output of the air flow sensor 2 is made in 
step 208. Namely, the judgement is made of whether 
or not the variation of the output of the air flow sensor 
2 in a predetermined time is in a predetermined toler- 
ance. In the case where the output of the air flow sen- 
sor 2 is not stable, no diagnosis is made. On the other 
hand, in the case where the variation of the output of 
the air flow sensor 2 is in the tolerance, that is, in the 



50 Qs = Qb - (Qa + Qc)A2r' {2) 

In the case where the variation of the airflow rate Qa 
is negligible, the secondary air flow rate Qs may be 
determined in accordance with equation (1) with the 
measurement of Qc in step 213 being not carried out 
55 Equation (2) is satisfied in the case where a con- 

stant operating condition is assumed until the meas- / 
urement of Qa to Qc is completed. Therefore, in the 
shown example of control, the diagnosis of second- 
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ary air is forcibly cancelled or finished in the case 
where a change in operating condition is caused dur- 
ing a period of time from the measurement of Qa to 
the completion of the measurement of Qc. In contrast 
with this, there can be employed a method in which 5 
the measurement of Qa to Qc is made over. The 

change in operating condition can be detected-or-dis- 

criminated by monitoring a variation in output of the 
throttle sensor 12 or monitoring the engine speed of 
the internal combustion engine 50. io 

In step 215, the diagnosis unit 13 compares the 
obtained secondary airflow rate Qs and a secondary 
air flow rate to be fundamentally supplied. In the case 
where Qa is out of a predetermined Judgement level 
(or threshold value) range, the diagnosis unit 1 3 judg- is 
es the secondary air supply system as being abnor- 
mal or faulty. The details of step 21 5 will be explained 
later on referring to Fig. 8. 

There may be the case where the output of the air 
flow sensor 2 does not indicate the intake air amount 20 
of the internal combustion engine during malfunction 
diagnosis of the secondary air supply system. EXiring 
malfunction diagnosis of the secondary air supply 
system. Qa is taken as the intake air amount for de- 
termination of a fuel injection amount. 25 

Fig. 3 shows a f urther embodiment of the present 
invention. In Fig. 3, the same components as those 
in Figs. 1A and 1B are designated by the same refer- 
ence numerals as those used in Figs. 1Aand 1 B. The 
embodiment shown in Fig. 3 is one in which the sec- 30 
ondary air inlet 31 of the upstream side and the switch 
valve 11a are removed from the embodiment shown 
in Fig. 1A. In the present embodiment, therefore, a 
secondary air is introduced from a single inlet 32 on 
the downstream side of an air flow sensor 2. The 35 
measurement of an intake air amount Qa is carried 
out in a state in which a switch valve lib is dosed. A 
diagnosfe process in the present embodiment is ba- 
sically the same as the flow chart shown in Fig. 2. 
However, in the case where the secondary air is in- 4o 
jected for the purpose of activation of a catalytic con- 
verter when the diagnosis of a nnalfunction is not 
made, an output of the airflow sensor 2 does not in- 
dicates a correct intake air amount of the engine. Ac- 
cordingly, in the case where a fuel injection amount 45 
is to be determined during in a period of time when the 
secondary air is injected, it is necessary to subtract 
a value corresponding to a secondary air flow rate 
from the output value of the air flow sen^r 2^ Th^val- 
ue for correction of the air flow sensor output can be so 
determined by reading a beforehand determined map 
which is stored in a memory and represents the cor- 
respondence of the value of a secondary air amount 
to an engine speed or throttle opening angle. 

Fig. 4 is a systematic diagram schematically 55 
showing the whole of a malfunction monitoring appa- 
ratus for a secondary air supply system according to 
a still further emt>odiment of the present invention. 



Fig. 5 shows an example of a control flow chart for the 
system shown in Fig. 4. 

The system of the present embodiment shown in 
Fig. 4 is basically the same as the system shown in 
Fig. 1A but Is different therefrom in that a pressure 
sensor 14 as a pressure detecting device is added to 
th e s ystenrvshewn-i n Fig. 1A. 



In an internal combustion engine, there may be 
the case where the diagnosis of a malfunction of an 
EGR (Exhaust Gas Recirculation) system or evapor- 
ative emission control system is made besides the di- 
agnosis of a malfunction of a secondary air supply 
system. In such a system, the pressure of an intake 
air in an intake manifold 5 is measured by a pressure 
sensor or the like. In the present embodiment, the 
pressure sensor 14 beforehand incorporated in the 
system for use in another diagnosing or monitoring 
system is utilized for the diagnosis of a malfunction 
of the secondary air supply system. Theretyy, It is pos- 
sible to eliminate a labor and cost required for special- 
ly mounting a sensor or the like in order to make the 
diagnosis of a malfunction of the secondary air supply 
system. 

The pressure sensor 14 measures the pressure 
of the interior (or internal pressure) of the intake mani- 
fold 5. In a period of time when the diagnosis of a mal- 
function of the secondary air supply system is not 
made, an intake air amount is measured by an airflow 
sensor 2. On the other hand, in the case where the di- 
agnosis is made, an intake air amount is determined 
on the basis of the measurement of the internal pres- 
sure of the intake manifold 5. A relationship between 
the internal pressure Pm of the intake manifold 5 and 
the intake air amount Qpm, in the case where the in- 
ternal combustion engine 50 is in a normal operating 
condition, is as follows: 

Qpm = f(Ne. Pm) (3) 
where Qpm is the intake air amount, Ne the engine 
speed, and Pm the internal pressure of the intake 
nrianifold. 

The intake air amount Qpm is a f unctk>n of the en- 
gine speed Ne of the Internal combustion engine and 
the internal pressure Pm of the intake manifold. In 
one method of actually determining the intake air 
amount Qpm, the engine speed Ne and the internal 
pressure Pm of the intake manifold are used to pre- 
liminarily obtain a relational expression representing 
a relation thereof with the intake air amount Qpm and 
the substitution the measured engine speed Ne 
and the measured ihtenTid^lfi^Bfe^Pifrfe'^^ 
the relational expression to determine the intake air 
amount Qpm. In another method of determining Qpm, 
an intake air antount map with the engine speed val- 
ues Ne and the internal pressure values Pm of the in- 
take manifold being taken as matrbc parameters Is ex- 
perimentally formed and stored in a memory and the 
, intake air amount Qpm is determined referring to the 
map. 
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The intake air amount Qpm determined by the en- 
gine speed Ne and the internal pressure Pm of the in- 
take manifold is also used to determine a secondary 
air amount Qs in accordance with the following equa- 
tion (4): 

Qs = Qhw - KQpm (4) 
where Qs is the secondary air amount, Qhw the air 
amount measured by the air flow sensor when the 
secondary air is supplied, Qpm the intake air amount 
determined by the engine speed and the internal 
pressure of the intake manifold, and K a correction 
factor. 

The air amount Qhw obtained by the air flow sen- 
sor 2 is a mass flow rate. On the other hand, the air 
amount Qpm obtained from the internal pressure Pm 
of the intake manifold and the engine speed Ne is a 
volume flow rate. Therefore, the correction of Qpm for 
air density is required for conversk^n into a correct 
mass flow rate. Accordingly, an intake air temperature 
is measured by a temperature sensor 15 to make the 
correctton of the flow rate Qpm for the Intake air tem- 
perature by multiplying Qpm by the correction factor 
K. 

The value of oorrectk>n factor K Is determined by 
the temperature of the atmospheric air and the pres- 
sure of the atmospheric air. In the present embodi- 
ment, the correction factor K is approximately deter- 
mined by only the temperature. It is of course that the 
conrectk>n factor K may be determined by parameters 
of both the temperature and the pressure. The value 
of correction factor K for a temperature value (or an 
atmospheric pressure value) is beforehand measured 
by experiments and this relationship in a map form is 
stored in a memory. When an output of the tempera- 
ture sensor 15 is given, a control unit 3 reads a cor- 
responding value of correction factor K from the map 
to use it for determination of an secondary air amount 
according to equation (4). 

In the actual engine, the relationship between the 
correction factor K and the temperature (or the at- 
mospheric pressure) is generally subjected to a 
change from the initially obtained relationship due to 
the aged change of the engine. Accordingly, it is pre- 
ferable that the value of correction factor K in the map 
is properly corrected or updated. The correction of the 
conrectk)n factor K is possible by a learning control 
which will be explained hereinbelow. 

During a period of time when a secondary air is 
not flown, both the air amount Qhw' measured by the 
air flow sensor 2 and the air amount Qpm obtained 
from the internal pressure Pm of the intake manifold 
and the engine speed Ne are based on the measure- 
ment of only the air amount taken in the internal conv 
bustion engine. Therefore, the air amounts Qhw" and 
Qpm have a relationship therebetween which is rep- 
resented by the following equation (5): 

Qhw* = KQpm (5) 
where K is a conrection factor for intake air tempera- 
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ture. 

The intake air amount Qhw* measured by the air 
flow sensor 2 when the secondary air is not flown is 
periodically compared with K-Qpm. If a difference be- 

5 tween Qhw" and K-Qpm is within a predetennnined tol- 
erance, the value of correction factor K in the map is 
used as it is. In the case where the difference is be- 
yond the tolerance, the value of correction factor K in 
the map is updated so that equation (5) is satisf ied. 

10 In the case where a correction for the atmosphe- 

ric pressure is further introduced into the correction 
factor K, it is not necessary to separately or newly pro- 
vide a pressure sensor for measurement of the at- 
mospheric pressure. Namely, the pressure sensor 14 

IS provided in the intake manifold 5 can be used for that 
purpose. During a period of time when the engine is 
stopped, the internal pressure of the intake manifold 
5 assumes the atmospheric pressure. The atmosphe- 
ric pressure can be determined in such a manner that 

20 the atmospheric pressure is measured immediately 
before a starter key (not shown) Is turned to a starting 
direction for the cranking of the engine or after the 
lapse of a predetermined time from the stoppage of 
the engine by the turn-back of the starter key and the 

25 measured atmospheric pressure is stored into a 
memory. 

Next, a malf unct'ion diagnosis process according 
to the malfunction monitoring apparatus for the sec- 
ondary air supply system of the internal combustion 

30 engine in the embodiment shown in Fig. 4 will be ex- 
plained in reference to one example of a control flow 
chart shown in Fig. 5. 

First or in step 401 , the judgement is made as to 
whether or not an operating region is an operating re- 

35 gion to be subjected to the diagnosis of a malfunction 
or secondary air. In the case where the operating re- 
gion to be subjected to the diagnosis is assumed, the 
flow proceeds to step 401 in which the judgement is 
made as to whether or not the diagnosis is completed. 

40 When the diagnosis is completed, the processing is 
completed. When the diagnosis is not completed, the 
value of correction factor K Is determined in step 402. 
In step 403, the judgement is made as to whether or 
not a change in operating condition is caused. When 

_45 there is a change in operating condition, the process- 
ing is finished without making the diagnosis. On the 
other hand, when there is no change in operating con- 
dition. an intake air amount Qpm in a state in which a 
secondary air is not flown is determined and a corre- 

50 spending correction factor K in the map Is read to 
make the correctbn of Qpm (step 404). 

Next or iri"step 405; the secondary air Is supplied: 
In step 406, the Judgement is made as to whether or 
not the output of the air flow sensor 2 is stable. When 

55 the sensor output is not stable, the processing is com- 
pleted without making the diagnoste. On the other / 
hand, when the output of the air flow sensor 2 is sta- 
ble, that is, when equation (4) can be judged as being 
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satisf ied, a secondary air amount Qs is calculated us- 
ing equation (4) (step 407). 

In step 408, the thus obtained secondary air 
amount Qs is compared with a secondary air amount 
to be fundamentally supplied In the case where Qs 
is out of a predetermined judgement level (or thresh- 
-otdvatu e) rang e, th e-sec ondary a ir s upply system is 



rate Qs is detemiined from the following equation (6): 

Qs = Qb - Qa = Qb - K Qpm. (6) 
After the secondary air flow rate Qs has been deter- 
mined, the air pump 8 is stopped and the control valve 
5 9 is closed, thereby stopping the supply of the sec- 
ondary air (step 605). In step 606, the intake air 
amount Qa is determined from the output of the air 



flow sensor 2. On the basis of the intake air amount 
Qa determined in step 606, a fuel injection amount is 
10 determined. 

In step 607, the thus obtained secondary air 
amount Qs is compared with a reference judgement 
level(s). In the case where Qs is out of the predeter- 
mined judgement level range, the secondary air sup- 
15 ply system is judged as being abnormal or faulty, 
thereby completing the diagnosis. 

Fig. 8 is a flow chart for explaining the operation 
of the diagnosis process in step 215 of Fig. 2, step 408 
of Fig. 5 and step 607 of Fig. 7. In step 701, the diag- 
20 nosis unit 13 takes in the secondary air amount Qs 
determined by the control unit 3. In step 702. the di- 
agnosis unit 13 judges whether or not the secondary 
air amount Qs is not larger than a predetennnlned low- 
er limit The lower limit is properly determined, for ex- 
25 ample, in accordance with a regulated value for ex- 
haust gas component emission amount and is stored 
in a memory. In the case where the secondary air 
amount Qs is larger than the lower limit, the judge- 
ment is made as to whether or not the secondary air 
30 amount Qs is larger than a predetermined upper limit 
(step 703). The upper limit is also determined before- 
hand and is stored in the memory. In the case where 
the secondary air amount Qs is not larger than the 
lower limit or is larger than the upper limit, the second- 
35 ary air supply system is judged as being abnormal or 
faulty (step 704). The upper limit for judgement as to 
a malfunction is provided because there may be the 
case where the secondary air supply system involves 
the leakage of secondary sur and such a case should 
40 be diagnosed as being abnormal. In the case where 
there is the leakage of secondary air. there may be a 
fear that the supply of an excess amount of second- 
ary air or the supply of the secondary air to the ex- 
haust system when the secondary atr is not required 
45 causes the over-heating of the catalytic converter 7. 
In the present invention, however, the judgement of 
abnormality can be made by the comparison of the 
secondary air amount Qs with only the lower limit 
In step 705, the result of diagnosis as being ab- 
— 50— normal? the operating condition at that time... and^_. 
forth are stored into the memory. The stored contents 
can be read in repairing ftesyste^nn afterwards. Also, 
a processing for the lighting of a warning lamp, the 
generation of an alanm or the operatton of a fail-safe 
55 function may be performed in response to the result 
of diagnosis as being abnormal. , 
Though the present invention has been explained 
in detail in oonjunctton with the specified embodi- 



judged as being abnormal or faulty, thereby complet- 
ing the diagnosfe (step 409). 

In the case where the judgement in step 401 is 
that the region to be subjected to the diagnosis of sec- 
ondary air is not assumed, no diagnosis of secondary 
air is made but a usud control of the presence/ab- 
sence or ON/OFF of the supply of a secondary air is 
performed. Namely, in step 410, the judgement is 
made as to whether or not an operating region is a re- 
gion to be subjected to the supply of secondary air. In 
the case where the region to be subjected to the sup- 
ply of secondary air is assumed, a secondary air is 
supplied (step 411). In the case where the region to 
be subjected to the supply of secondary air Is not as- 
sumed, a bypath of the intake air is closed (step 41 2). 
The secondary air may be Introduced from the at- 
mosphere in lieu of the inlet 31 of the upstream side. 

Fig. 6 is a systematic diagram schematically 
showing the whole of a malfunction monitoring appa- 
ratus for a secondary air supply system according to 
a furthemiore embodiment of the present invention. 
Fig. 7 shows an example of a control flow chartfor the 
system shown in Fig. 6. 

The system of the present emt>odiment shown in 
Fig. 6 is basically the same as the system shown in 
Fig. 4 but is different therefrom In that the switch 
valves 11a and 11b are omitted from the system 
shown in Fig. 4. 

In the system of the present embodiment the 
judgement is made as to whether or not an operating 
region is a region to be subjected to the diagnosis of 
secondary air (step 601). 

In the case where the operating region Is judged 
as being the region to be subjected to the diagnosis 
of secondary air. a control unit 3 determines an intake 
air flow rate Qpm. in a state in which a secondary air 
is not supplied, on the basis of the outputs of a pres- 
sure sensor 14 and a engine speed sensor 16 (step 
602). At this time, in a mannersimilarto that in the em- 
bodiment shown in Fig. 4, the control unit 3 determi- 
nes a temperature correction factor K on the basis of 
the output of an intake air temperature sensor 15 to 
"determine an intake airflow rate Qa = K Qpm conrecl^" 
ed by the correction factor K. 

In next step 603. an air pump 8 is drwen with a 
control valve 9 being opened at the same time to sup- 
ply a secondary air to an ©chaust system 52. Further; 
in step 604. the output Qb of an air flow sensor 2 is 
obtained. Since the air flow rate Qb is the sum of the 
intake air amount Qa = K-Qpm of the engine and a 
secondary air flow rate Qs, the secondary air flow 
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ments, it should be noted that the present invention 
is not limited to the specified embodiments and vari- 
ous modifications or variations can be made without 
departing from the scope of the invention described 
in the appended claims. 

For example, the two switch valves used in the 
embodiment shown in Fig. 1 can be replaced by a 
three-way valve. 

According to the present Invention, the measure- 
ment of a secondary air flow rate becomes possible 
without newly adding a sensor or the like. Also, the 
mere change of diagnosis threshold data suffices to 
cope with a change In level of an exhaust gas emis- 
sion amount to be detected. As a result the number 
of matching steps can be reduced. Further, the whole 
of the system can be constructed at a low cost and a 
more accurate diagnosis of malfunction of a second- 
ary air supply system becomes possible. 



Claims 

1 . A malfunction mon ftoring apparatus for a second- 
ary air supply system in an internal combustion 
engine, comprising: 

an air flow rate detecting device (2) for 
measuring the flow rate of an air flowing into ah 
intake air path of the engine; 

a first secondary-air introducing path (32) 
disposed In said intake air path on the down- 
stream side of a measuring position of the air flow 
rate for taking in a part of the air through saki In- 
take air path as a secondary ain 

a secondary air supply device (8) for sup- 
plying the secondary air to an exhaust gas path 
of the engine; 

control means (3) for determining a first air 
flow rate (Qa) measured by the air flow rate de- 
tecting device when the secondary air is not be- 
ing supplied from said first secondary-air intro- 
ducing path into said exhaust gas path and a sec- 
ond airflow rate (Qb) measured by said airflow 
rate detecting device when the secondary air is 
being supplied from said first secondary-air intro- 
ducing path into said exhaust gas path and deter- 
mining a secondary air flow rate (Qs) from a dif- 
ference between said first and second air flow 
rates; and 

diagnosis means (13) for judging said sec- 
ondary air supply device as being abnormal in the 
case where the determined secondary air flow 
rate is out of a predetermined allowable range. 

2. A nialf unction monitoring apparatus according to 
Claim 1 , further comprising a second secondary- 
air introducing path (31a) having an Inlet for intro- 
ducing an air from the atmosphere, and switch 
vah/e means (11a, lib) for coupling a selected 



one of said first secondary-air introducing path 
(32) and said second secondary-air Introducing 
path to said secondary air supply device (8), and 
wherein said control means (3) includes means 
for making a control so that said switch valve 
means couples said second secondary-air intro- 
ducing path to said secondary air supply device 
in the case where said secondary air flow rate is 
not to be determined. 



10 



3. A malfunction monitoring apparatus according to 
Claim 1 , further comprising a second secondary- 
air introducing path (31) disposed in said intake 
air path on the downstream side of said air flow 
15 rate detecting device (2) for taking in a part of the 

air through said intake air path as a secondary air. 
and switch valve means (11a, 11b) for coupling a 
selected one of said first secondary-air introduc- 
ing path (32) and said second secondary-air in- 
20 troducing path to said secondary air supply de- 

vtee (8), and wherein saW control means (3) in- 
. eludes means for making a control so that saW 
switch valve means couples said second second- 
ary-air introducing path to said secondary air 
25 supply device in the case where said secondary 

air flow rate is not to be determined. 

4- A malfunction monitoring apparatus according to 
Claim 2 or 3, wherein said control means (3) 

30 measures said first air flow rate twice before and 

after a period of time when said second air flow 
rate (Qb) is measured and determines said sec- 
ondary air flow rate (Qs) from a difference be- 
tween an average of both the measurement val- 

35 ues (Qa, Qc) for said first air flow rate and saW 

second air flow rate. 

5- A malfunction monitoring apparatus according to 
Claim 4, wherein the engine Includes sensor 

40 means (12, 16) for detecting the value of an op- 

erating parameter when the engine is operated, 
and said control unit (3) further includes means 
(201) for Judging whether or not the operating 
parameter value detected by said sensor means 

45 satisfies a predetermined condition, said control 

means making the determination of said second- 
ary air flow rate in the case where the operating 
parameter value satisfies saki predetermined 
condition. 
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6. A malfunction monitoring apparatus acconding to 
Claim 5, wherein a catalytic converter (7) for pur- 
ifying an exhaust gas is disposed in said exhaust 
gas path and said secondary air supply device (8) 
supplies the secondary air to the upstream side 
(52) of an entrance to said catalytic converter. 

7. A malfunction monitoring apparatus according to 
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Claim 6, wherein said control means (3) controls 
said secondary air supply means (8) and said 
switch valve means (11a, 11b) so that when the 
operating parameter value does not satisfy said 
predetermined condition, the secondary air is 
supplied to said exhaust gas path in the case 
-Tyhere the eng1ne-ts-lfl-i 



dition. 

8. A malfunction monitoring apparatus according to io 
Claim 7, wherein said control means (3) further 
Includes means for determining a fuel amount to 

be supplied to the engine on the basis of the value, 
of said first air flow rate detected by said air flow 
rate detecting device (2). is 

9. A malfunction monitoring apparatus according to 
Claim 1, wherein in said diagnosis means (13), 
said predetermined allowable range Is set to be 
larger than a predetermined value. 20 

10. A malfunction monitoring apparatus according to 
Claim 1, wherein in said diagnosis means (13), 
said predetermined allowable range is set to be 
between first and second predetermined values. 25 

11. Amalfunction nK>nitoring apparatus for a second- 
ary air supply system in an internal combustion 
engine, comprising: 

an air flow rate detecting device (2) for 30 
measuring the flow rate of an air flowing into an 
intake air path of the engine; 

a first secondary-air introducing path (32) 
disposed In said intake air path on the down- 
stream side of a measuring position of the airflow 
rate for taking in a part of the air through said in- 
take air path as a secondary air; 

a secondary air supply device (8) for sup- 
plying the secondary air to an exhaust gas path 
of the engine; 

a pressure detecting device (14) for de- 
tecting the internal pressure of an intake manifold 
of the engine; 

control means (3) including means for an 
intake air flow rate (Qpm) of the engine on the ba- 
sis of the detected value of the Internal pressure 
of said intake manifold and means for determin- 
ing a secondary air flow rate (Qs) from a differ- 
ence between the determined intake airflow rate 
and an air flow rate (Qhw) measured by said air 
flow rate detecting device when the secondary 
air is being supplied from said first secondary-air 
introducing path Into said exhaust gas path; and 

diagnosis means (13) for judging said sec- 
ondary air supply device as being abnormal in the 55 
case where the determined secondary air flow 
rate is out of a predetermined allowable range. 



12. Amalfunction monitoring apparatus according to 
Claim 11, further comprising a second second- 
ary-air introducing path (31a) having an inlet for 
introducing an air from the atmosphere, and 
switch valve means (11a. 11 b) for coupling a se- 
lected one of said first secondary-air introducing 

andrsaid-second-secondaryau r intro- 
dudng path to said secondary air supply device 
(8). and wherein said control means (3) includes 
means for making a control so that said switch 
valve means couples saki second secondary-air 
introducing path to said secondary air supply de- 
vice in the case where said secondary air flow 
rate is not to be determined. 

13. Amalfunction monitoring apparatus according to 
Claim 11, further comprising a second second- 
ary-air introducing path (31) disposed in said in- 
take air path on the downstream side of said air 
flow rate detecting device (2) for taking in a part 
of the air through said Intake air path as a second- 
ary air, and switch valve means (11a, 11b) for 
coupling a selected one of said first secondary- 
air introducing path (32) and said second second- 
ary-air introducing path to said secondary air 
supply device (8), and wherein said control 
means (3) includes means for making a control so 
that said sv^tch vah^e means couples said second 
secondary-air introducing path to said secondary 
air supply device in the case where the second- 
ary air flow rate is not to be determined. 



14. Amalfunction monitoring apparatus according to 
Claim 12 or 13, wherein the engine includes sen- 

35 sor means (12, 16) for detecting the value of an 

operating parameter when the engine is operat- 
ed, and said control unit (3) further includes 
means (201) forjudging whether or not the oper- 
ating parameter value detected by said sensor 
40 means satisfies a predetermined condition, saki 

control means nnaking the determination of said 
secondary airflow rate in the case where the op- 
erating parameter value satisfies said predeter- 
mined condition. 

w*5 

15. Amalfunction monitoring apparatus according to 
Claim 14, wherein a catalytic converter (7) for 
purifying an exhaust gas is disposed in said ex- 
haust gas path and said secondary air supply de- 

50 vfce'(8) supplies the secondary air to'ttfe'up^' 

stream side (52) of an entrance to saki catalytb 
converter. 



16. Amalfunction monitoring apparatus according to 
Claim 15. wherein said control means (3) con- 
trols said secondary air supply means (8) and 
said switch valve means (11a. 11 b) so that when 
the operating parameter value does not satisfy 
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said predetermined condition (401), the second- 
ary air is supplied to said exhaust gas path in the 
case where the engine is in a specified operating 
condition (411). 



mining means of said control means (3) includes 
a memory in which a map indicating the value of 
an intake airflow rate corresponding to the value 
of the internal pressure of said intake manifold 
and the value of the engine speed is stored, and 
means for reading the Intaice air flow rate in ref- 
erence to said map when the detected internal 
pressure value of said intake manifold and the de- 
tected engine speed value are given. 

2Z A malfunction monitoring apparatus according to 
Claim 20 or 21. wherein the engine further in- 
cludes means for detecting the pressure of an at- 
mospheric air and the intake air flow rate deter- 
mining means of said control means (3) further 
includes means for correcting the determined in- 
take airflow rate in accordance with the detected 
atmospheric pressure. 



23- A malfunction monitoring apparatus according to 
Claim 22, wherein said means for detecting the 
atmospheric pressure takes in, the internal pres- 
sure of said intake manifold detected by said 
5 pressure detecting device (14) immediately be- 

fore the engine is started, as the value of the at- 
mospheric pressure. 

24. Amsdf unctton monitoring method for a secondary 
air supply device which supplies a secondary air 
to an exhaust gas path of an internal combustion 
engine provided with an air flow rate measuring 
device, comprising: 

a step (204) of measuring by said airflow 
rate measuring device a first air flow rate (Qa) 
passing through an intake air path of the engine 
when the secondary air is not being supplied; 

a step (208) of taking in, as the secondary 
air, a part of the air passing through said intake 
air path from a secondary air Introducing path 
disposed in said intake air path on the down- 
stream side of a measuring position of the airflow 
rate; 

a step of measuring by said air flow rate 
measuring device a second air flow rate (Qb) 
when the secondary air is taken in from said sec- 
ondary air introducing path; 

a step of determining a secondary airflow 
rate (Qs) from a difference between saW first and 
second airflow rates; and 

a step (215) of judging said secondary air 
supply device as being abnormal in the case 
where the determined secondary air flow rate is 
out of a predetermined allowable range. 

25. A malfunction monitoring method according to 
Claim 24. wherein said first airflow rate is meas- 
ured twice before and after a period of time when 
said second air flow rate is measured, and said 
secondary airflow rate is determined from a dlf- 
fererice between an average of both the meas- 
urement values for said first airflow rate and saM 
second air flow rate. 

45 26. A malfunction monitoring method according to 
Claim 24, further comprising a step of detecting 
the value of an operating parameter when the en- 
gine is operated, and a step of judging whether or 
not the detected operating parameter value sat- 

50 isfies a predetermined condition, the determina- 

tion of said secondary airflow rate being made in 

the- case where* the* operating parameter value 

satisfies said predetermined condition. 

55 27. A malfunction monitoring method according to 
Claim 24, wherein said secondary air supply de- 
vice is judged as being abnormal in the case 
where the determined secondary air flow rate is 



17. A malfunction nnonitoring apparatus according to 
Claim 16, wherein said control means (3) further 
includes means for determining a fuel amount to 
be supplied to the engine on the basis of the value 
of said air flow rate (Qhw) measured by said air io 
flow rate detecting device (2) when the second- 
ary air is being supplied from said first second- 
ary-air introducing path (32) into said exhaust 
gas path. 

IS 

18. A malfunction nmDnitoring apparatus according to 
Claim 11, wherein in saki diagnosis means (13), 
said predetermined allowable range is set to be 
larger than a predetermined value. 

20 

19. A malfunction monitoring apparatus according to 
Claim 11, wherein in said diagnosis means (13), 
said predetermined allowable range is set to be 
between first and second predetermined values. 

20. A malfunction monitoring apparatus according to 
Claim 11, wherein the engine includes an engine 
speed sensor and a temperature sensor for de- 
tecting an intake air temperature, and the intake 
air flow rate determining means of said control 30 
means (3) includes means for determining said 
intake air flow rate on the basis of the detected in- 
ternal pressure value of said intake manifold and 
the detected engine speed value and means for 
connecting the determined intake air flow rate in 35 
accordance with the detected intake air tempera- 
ture (K). 

21. A malfunction monitoring apparatus according to 
Claim 20, wherein the intake airflow rate deter- 40 
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not larger than a predetermined lower limit (704). 

28. A malfunction monitoring method according to 
Claim 24, wherein said secondary air supply de- 
vice is judged as being abnormal in the case 
where the determined secondary air flow rate is 
stweerr-a-predetenrrinedHower 
limit and a predetermined upper limit (704). 

29- Amalfunction monitoring method for a secondary io 
air supply device which supplies a secondary air 
to an exhaust gas path of an internal combustion 
engine provided with an air flow rate measuring 
device, comprising: 

a step (404) of detecting the internal pres- is 
sure of an Intake manifold of the engine; 

a step (404) of determining an intake air 
flow rate (Qpm) of the engine on the basis of the 
detected value of the Internal pressure of said 
manifold; 20 

a step (405) of taking in, a part of the air 
through an intake air path of the engine, as the 
secondary air by said secondary air supply de- 
vice from a secondary air introducing path dis- 
posed in said intake air path; 25 

a step (407) of measuring by said air flow 
rate measuring device an air flow rate (Qhw) 
passing through the upstream side of said sec- 
ondary air introducing path when the secondary 
air is taken in from said secondary air introducing 30 
path; 

a step (407) of determining a secondary 
air flow rate (Qs) from a difference between the 
measured airflow rate (Qhw) and the determined 
intake air flow rate (Qpm); and 35 

a step (408) of judging said secondary air 
supply device as being at>normal in the case 
where the determined secondary air flow rate Is 
out of a predetermined allowable range. 

40 

30. A malfunction monitoring method according to 
Claim 29, further comprising a step of detecting 
the value of an operating parameter when the en- 
gine is operated, and a step of judging whether or 

not the detected operating parameter value sat- 45 
isfies a predetermined condition, the determina- 
tion of said secondary airflow rate being made in 
the case where the operating parameter value 
satisfies said predetermined condition. 

50 

31. A malfunction monitoring method according to 
Claim 29, wherein said secondary air supply de- 
vice is judged as being abnormal in the case 
where the determined secondary air flow rate is 

not larger than a predetermined lower limit (704). 55 

32. A malfunction nrK>nitoring method according to 
Claim 29, wherein said secondary air supply de- 



33. 



vice is judged as being abnormal in the case 
where the determined secondary airflow rate is 
out of a range fc>etween a predetermined lower 
limit and a predetennined upper limit (704). 

A malfunction monitoring method according to 
^er-GompRsing-a-step-of-detecting- 



an engine speed of the engine and an intake air 
temperature, and a step of determining said in- 
take air flow rate on the basis of the detected in- 
ternal pressure value of said intake manifold and 
the detected engine speed value to correct the 
determined intake airflow rate in accordance with 
the detected intake air temperature (K). 

34. A malfunction monitoring method according to 
Claim 29. wherein in said step of determining the 
intake air flow rate, said intake airflow rate (Qpm) 
is determined referring to that map stored in a 
memory which indicates the value of an Intake air 
flow rate corresponding to the value of the Inter- 
nal pressure of said intake manifold and the value 
of the engine speed. 

35. A malfunction monitoring method according to 
Claim 34, further comprising a step of taking in. 
the internal pressure of said intake manifold im- 
mediately before the engine is started, as the val- 
ue of an atmospheric pressure, and a step of cor- 
recting the determined intake air flow rate in ac- 
cordance with the detected atmospheric pres- 
sure. 
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(g) A malfunction monitoring apparatus for a 
secondary air supply system of an internal com- 
bustion engine includes an air flow sensor (2) 
for measuring the flow rate of an air flov^ng into 
an intake air path of the engine, a secondary air 
introducing path (32) disposed in the intake air 
path on the downstream side of a measuring 
position of the air flow rate for taking in a part of 
the air through the intake air path as a secon- 
dary air, a secondary air supply device (8) for 
supplying the secondary air to an exhaust gas 
path, and a control unit (3). The apparatus may 
further includes a pressure sensor (14) for de- 
tecting the intemal pressure of an intake mani- 
fold. The control unit determines a secondary 
air flow rate (Qs) from a difference between a 
first air flow rate (Qa) measured by the air flow 
sensor when the secondary air b not being 
supplied from the secondary air introducing 
path to the exhaust gas path and a second air 
flow rate (Qb) measured by the air flow sensor 
when the secondary air is being'supplied, or a 
difference between an intake air flow rate (Qpm) 
. of the engine determined on the basis of the 
internal pressure of the intake manifold detec- 
ted by the pressure sensor and an air flow rate 
(Qhw) measured by the air flow sensor when the 
secondary air being supplied. In the case 
where the determined secondary air flow rate is 
out of a predetemnined allowable range, the 
secondary air supply device s judged as being 
abnormal. 
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